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Abstract 

This project is a Guif of Mexico Appiication Piiot in which NASA Stennis Space Center (SSC) is working within a regionai 
ooiiaboration network of the Guif of Mexico Aiiiance. NASA researchers, with support from the NASA SSC Appiied 
Science Program Steering Committee, empioyed muiti-temporai Landsat data to assess iand-use and iand-oover (LULC) 
changes in the coastai counties of Mobiie and Baidwin, AL, between 1974 and 2008. A muiti-decadai time-series, coastai 
LULC product unique to NASA SSC was produced. The geographic extent and nature of change was quantified for the 
open water, barren, upiand herbaceous, non-woody wetiand, upiand forest, woody wetiand, and urban iandscapes. The 
Nationai Oceanic and Atmospheric Administration (NOAA) Nationai Coastai Deveiopment Data Center (NCDDC) wiii 
assist with the transition of the finai product to the operationai end user, which primariiy is the Mobiie Bay Nationai 
Estuary Program (MBNEP). 

We found substantiai LULC change over the 34-year study period, much more than is evident when the change occurring 
in the iast years. Between 1 974 and 2008, the upiand forest iandscape iost aimost 6% of the totai acreage, whiie urban 
iand cover increased by siightiy more than 3%. With exception to open water, upiand forest is the dominant iandscape, 
accounting for about 25-30% of the totai area. 

Background 

The purpose of this project is to quantify and assess geospatiai LULC changes in the coastai counties of Mobiie and 
Baidwin, AL. These counties surround Mobiie Bay, which has the fourth iargest freshwater inflow in the United States. 
The Mobiie Bay estuary is economioaiiy important to the Nation in terms of shipping, fishing, and recreation, it is 
environmentaiiy important in muitipie ways; for exampie, it provides vitai nursery habitat for oommerciaiiy and 
reoreationaiiy important fish species. The region aiso has exceptionai aquatic and terrestriai biodiversity. The heaith of 
the estuary is influenced by changing iand-use patterns, much of which has been attributed to urbanization since 
Hurricane Frederic in 1 979. Mobiie Bay has been identified by participants of the Guif of Mexico Research Requirements 
Pianning Workshop (AL and MS) as an area of critioai study. The Mobiie Bay estuary was seiected by NASA SSC and its 
partners as a region for investigation because of the observed anthropogenic changes in recent decades and because of 
its environmentai diversity and ecoiogioai importance. This work is supported by severai Federai, state, and iocaiiy ied 
research projects currentiy active in Mobiie Bay, Grand Bay, Weeks Bay, and the Mississippi Sound. 


Objectives 

1 . Survey the needs of the Mobiie Bay coastai environmentai managers to formuiate a project topic. 

2. Primary research objective: For NASA SSC to create historic and current LULC change detection products of Mobiie 
Bay to provide to the coastai environmentai managers and to the pubiic. 

a. Create NASA-specific LULC data and data products for Mobiie Bay using methods that couid be appiied to other 
coastai regions, especiaiiy within the Guif of Mexico. 

b. Determine decadai-scaie urban expansion and areas of interest, the iatter regions determined by MBNEP. 

3. Transfer data to end users and NOAA-NCDDC. 

4. Estabiish and maintain communication with and seek guidance from our federai and Mobiie Bay coastai 
environmentai manager partners. 

Methods 

Target dates for products (MB LULC, herein) were determined using two criteria: 1 ) Correspondence with pre-existing 
Federai agency LULC ciassification products (Nationai Wetiands inventory, NWi; Nationai Land Cover Database, NLCD; 
and Coastai Change Anaiysis Program, C-CAP); and 2) End users’ requirements. Figure 1 shows a timeiine indicating 
the NASA LULC products, major hurricanes impacting the Mobiie Bay region, and the major pre-existing LULC products. 



Table 1. Landsat data used for LULC 


Landsat MSS (Muitispectrai Scanner), Landsat TM (Thematic 
Mapper), and Landsat ETM (Enhanced Thematic Mapper) 
data were obtained (Tabie 1). Each Landsat scene was pre- 
processed by co-registering to a “master” orthoreotified 
Landsat scene originaiiy acquired 26 September 1991. Geo- 
corrected Landsat data was rescaied to pianetary reflectance 
for computing Normaiized Difference Vegetation index (NDVi) 
data products. The iatter were occasionaiiy used as coiiaterai 
data in evaiuating and refining the LULC products. Geo- 
corrected raw data were used as the primary data source for 
producing the LULC products. 



Each LULC product was based primariiy upon ciassification of one date of Landsat data using ERDAS iMAGiNE® for 
image processing and anaiysis. Ciassification was performed using a hybrid unsupervised/supervised approach, initiaiiy, 
a given Landsat dataset was subjected to unsupervised ciassification using ISODATA ciustering with 20 totai oiusters, 
convergence set to 0.995 (on scaie of 0 to 1), 100 iterations, and duster means initiaiization aiong the principai axis (c.f., 
(Leioa Geosystems, 2005, for iSODATA detaiis). The resuiting ciassmcation was recoded into water, forest-dominated 
iand, and non-forest dominated iand. This “first cut" ciassification was used to isoiate raw data into two subsets of forest- 
dominated and non-forest dominated raw data, respectiveiy. These two raw data subsets were subjected to 
unsupervised ciassification, ciustering to 16 ciasses for the forest-dominated raw data and 20 ciuster ciasses for the 

non-forested raw data. These ciuster 
ciasses of the aforementioned 
ciassifications were described with 
respect to the LULC scheme. Some of the 
ciusters pertained to muitipie LULC 
categories. The raster attribute tabie for 
each ciassification was edited to inoiude 
an attribute coiumn for each LULC 
category. Tabie 2 shows the NASA LULC 
ciasses in reiation to the C-CAP 
ciassification scheme. On a per-ciuster 
ciass basis, we assigned a vaiue of one to 
the attribute coiumn for each LULC ciass 
when the ciuster inciuded that LULC 
category. On a per-ciuster ciass basis, we 
assigned a vaiue of zero to the attribute 
coiumn for each LULC ciass when the 
ciuster ciass did not pertain to a given 
LULC ciass. 



Spatiai modeis were constructed to produce binary masks of each targeted LULC ciass. C-CAP products were used to 
reduce ciassification confusion of certain targeted ciasses; in particuiar, urban, woody wetiands, and non-woody wetiands. 
C-CAP LULC data products for 1996, 2001 , and 2005 (pre-Hurrioane Katrina) were recoded into the same seven ciasses 
as used in the aforementioned Landsat ciassifications. Maximum extent images of urban, woody wetiands, and non-woody 
wetiand LULC categories were computed from the union of the 1 996, 2001 , and 2005 extent of each appiicabie category. 
At this point, these masks were not compieteiy mutuaiiy exoiusive; additionai editing was performed using a maximum 
vaiue compositing approach to compute a discrete, thematic waii-to-waii refined ciassification. 

To compute a compiete LULC ciassification for each targeted date, a spatiai modei was impiemented to merge the 
inoiviouai ciassiTioarions of LULC ciasses into a waii-to-waii product. This modei used a maximum vaiue compositing 
technique in which certain LULC categories were weighted higher in order to reduce ciassification confusion, if needed, 
additionai ciassification refinement was compieted to reduce visibie ciassification error. Such refinement usuaiiy was done 
by reoiassification of an identified probiematio ciass, generaiiy using raw data masking and ciuster busting techniques 
described by Jensen (1996). Summary area tabies were produced for each LULC ciassification (one for each targeted 
date). The ciassification products were aiso subset to derive additionai products for watershed areas of interest: D'Oiive 
Bay, Three Miie Creek, Upper Fish River, Dog River, and Northern Big Creek. A subset of the study area in northern 
Mobiie Bay was seiected and used for demonstration purposes. 


Results and Discussion 

Nine singie date LULC maps were produced showing the spatiai distribution of seven iandscape types in Mobiie and 
Baidwin counties. Figure 2 shows the LULC products for 1974 (ieft) and 2008 (right), the temporai extremes of this project. 
The geospatiai extent of each cover type for aii data products is shown in Tabie 3. The most striking quaiitative (visuai) 
change between the LULC in 1974 and 2008 is the urban expansion around the city of Mobiie and aiong the Eastern Shore, 
in the northeast portion of the study region, there has been a transition from upiand forest to the upiand herbaceous iand 
cover. However, Tabie 3 shows that the aforementioned iand cover transition has been temporaiiy variabie. 



LULC maps and change statistics 
were caicuiated for aii the 
watersheds of interest. Three Miie 
Creek (Figure 4) and D'Oiive Bay 
(Figure 5) are shown here as 
exampies because of their 
different characteristics. D'Oiive 
Bay area has moderate amounts 
of upiand forested iandscape 
subject to urban sprawi, whiie 
Three Miie Creek is iargeiy 
urbanized. Considering the entire 
watershed. Three Miie Creek 
showed approximateiy 90% of the 
totai urban expansion, and ioss of 
upiand forest between 1974-1984. 
D’Oiive Bay aiso experienced 
comparabie urban expansion 
between 1974-1984. However, 
between 1984-1996 there was a 
decrease in urbanized areas and 
an increase of upiand forested 
iand. The detaiis of this anomaiy, 
inciuding the drivers for change, 
warrant more investigation. 




Figure 6 shows the decadai percent coverage change for Mobiie and Baidwin Counties (ieft). Three Miie Creek 
(middie), and D'Oiive Bay (right). The inverse reiationship between upiand forest and upiand herbaceous (Figure 3) is 
stiii prevaient on the decadai scaie, shown in Figure 6. This generai reiationship is aiso observed for the mainiy 
forested D'Oiive Bay watershed; however, the iandscapes invoived are urban and upiand forest. Three Miie Creek, 
which is highiy urbanized, has a more compiicated change pattern because there is a inverse reiationship between 
urban and upiand herbaceous, with the upiand forest foiiowing the trends of upiand herbaceous through the second 
decade, with a divergence during decade three. 




Table 4. Geospatial trends in urban expansion for Mobile and Baldwin counties from 
1974-2008, based on Landsat data analysis. Converted acres indicate the total acres 



Tabie 4 shows the conversion of the LULC ciasses to the urban iandscape for Mobiie and Baidwin counties between 
1974 and 2008. Approximateiy 55% of the study area was oiassified as urban in 1974 and 2008, thus indicating that 
over the entire study period, approximateiy 45% of the Mobiie and Baidwin region that was urban in 2008 was non- 
urban in 1974. A majority of the conversion to urban came from upiand forest (-34%) foiiowed by upiand herbaceous 
(~7%). Figure 7 shows urban expansion for Mobiie and Baidwin counties. 


Table 3. Landsat-derived geospatial statistics for Landsat surveyed portions of Mobile and Baldwin counties. 






Percent coverage for each ciass throughout the study 
period for Mobiie and Baidwin counties for each iandscape 
is shown in Figure 3. Upiand forest and open water are the 
most dominant LULC types, at around 30% throughout the 
study period; however, the open water ciass is more 
consistent through time. Upiand forest and upiand 
herbaceous are the most dynamic iand covers. These 
ciasses have an inverse reiationship, thus suggesting that 
the two transition between each other. However, because 
the data were computed for the entire study area (and no 
pixei-by-pixei time series was constructed), we are not 
abie to conciude whether individuai paroeis of iand are 
“flipping" between upiand herbaceous and upiand forest. 
The dynamism within the upiand herbaceous and upiand 
forest iand covers is most dramatic between 1974 and 
1984. 



Urban growth between 
1974 and 2008 for D'Oiive 
Bay and Three Miie Creek 
is shown in Figure 8. For 
Three Miie Creek, the 
amount of urbanization in 
1974 is quite evident. For 
the D'Oiive Bay 
watershed, however, the 
urban expansion is much 
iess universai than for 
Three Miie Creek, with 
significant urbanization in 
the northeast portion of 
the watershed. 

Tables. Overall accuracy of 1979, 1998, 2001, 2005, 
Tabie 5 summarizes accuracy assessment for the 1979, 1996, 2001, 2005, and 20oa lulc classifications compared to available 

and 2008 LULC ciassifications. The overaii accuracy varied from 83.1 3 (for 

2005) to 89.33 (for 1979), and the Kappa vaiues for these ciassifications 
ranged from 0.78 (for 2005) to 0.87 (for 1979). The sampiing intensity for 
these assessments ranged from 1 50 (for 1 979) to 1 90 (for 2008) totai random 
sampies per ciassification. in aii cases, the overaii accuracy exceeded 80% 
and the Kappa either approached or exceeded 0.8 (on a scaie of 0 to 1 ). 
interestingiy, the use of Landsat MSS data (1979, at 60 m, rather than post 
1 984 at 30 m) did not seem to iower the accuracy. However, we 
aoknowiedge oniy one MSS product was assessed for accuracy and 
additionai accuracy assessment is required. Spatiai modeis were constructed 
to produce binary masks of each targeted LULC ciass. C-CAP products were 
used to reduce ciassification confusion of certain targeted ciasses; in particuiar, urban, woody wetiands, and non-woody 
wetiands. C-CAP LULC data products for 1996, 2001 , and 2005 (pre-Hurricane Katrina) were recoded into the same 
seven ciasses as used in the aforementioned Landsat ciassifications. Maximum extent images of urban, woody wetiands, 
and non-woody wetiands LULC categories were computed from the union of the 1996, 2001, and 2005 extent of each 
appiicabie category. At this point, these masks were not compieteiy mutuaiiy exoiusive; additionai editing was performed 
using a maximum vaiue compositing approach to compute a discrete, thematic waii-to-waii refined ciassification. 

An additionai accuracy assessment was compieted for the 2005 C-CAP product produced prior to Hurricane Katrina. The 
2005 C-CAP ciassification yieided an overaii accuracy of 86.25% compared to the 2005 Landsat resuit of 83.13% overaii 
accuracy. The C-CAP product produced a higher overaii Kappa vaiue of 0.83 compared to the Landsat resuit of 0.78. The 
C-CAP and the Landsat ciassification were both assessed using 160 randomiy sampied points. The higher reiative 
accuracy of the C-CAP product was expected, in part due to C-CAP empioying muitipie Landsat dates to produce the 
ciassification, and in part due to the C-CAP process being more iabor and resource intensive. The 2005 Landsat product 
was one of the first products produced in this study, which may aiso partiaiiy heip expiain its iower accuracy. However, 
even as is, the overaii accuracy of aii of the non-C-CAP products appears to be aoceptabie. 




Conclusions 

This project was a joint effort between NASA and MBNEP. Aii projeot-reievant geospatiai data and finai data products 
have been transferred to MBNEP and wiii be transferred to NOAA-NCDDC. Aii NASA-generated products wiii be 
avaiiabie for NOAA integrated Ecosystem Assessments. The products from this Piiot Project wiii heip MBNEP make 
conservation and restoration decisions in the future. 









